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Description 

The present invention relates to an arrangement 
of the kind defined in the preamble of Claim 1. 

A positioning system for establishing or defining 
the exact position of a measuring point on a surface 
will normally include a main station which comprises 
a distance meter, preferably an optical distance me- 
ter, which transmits and receives a measuring light 
beam in essentially the same direction, for instance 
an electronic distance meter (EDM) which functions to 
transmit and receive reflected modulated light and to 
make comparisons between the modulation signal of 
the transmitted and the received light beam respec- 
tively. The system will also include a so-called vertical 
angle meter and a horizontal angle meter which func- 
tion to determine the position of alignment of the dis- 
tance meter with the object to be measured. The main 
station is set-up in the terrain and measurements are 
taken against setting-out staffs. The main station can 
either be manned by a single person or may be of the 
kind which locks automatically onto a prism on a set- 
ting-out staff and follows the prism as the staff is 
moved by the staffman. The use of a close-range 
measuring system for linking such a positioning sys- 
tem to a total principal measuring system, for instance 
a coordinate system, can be both effective and cost 
saving. By close-range measuring system is meant in 
the present context a system which obtains data for 
the starting position in an external main network and 
from there measures-up local points that are linked 
with the external network. 

Situations also arise in which one and the same- 
measuring equipment cannot be used for measuring 
a total area, but must be complemented with meas- 
urements taken with other equipment When marking 
out an area, e.g. a plot of land, a road or highway etc., 
it is normal practice to place a distance meter in a cen- 
tral position. 

Setting-out staffs or sticks are then placed in pos- 
ition at mutually different measuring points in the ter- 
rain, by direct measurement between the centrally 
placed measuring instrument at each relevant meas- 
uring point Occasionally some of the measuring 
points will be concealed from view with respect to the 
position of the distance measuring instrument, which 
then involves extra work in moving the instrument 
and also in making additional reference measure- 
ments for the purpose of determining the exact pos- 
ition of these points. This is particularly troublesome 
in the case of measuring equipment which can be 
handled by a single person and the use of which 
equipment is thus expanded upon. In the case of 
equipment of this nature, the centrally positioned dis- 
tance measuring instrument will align automatically 
on the measuring point concerned or on the prism lo- 
cated on the staff that has been set-out. Naturally, 
movement of the instrument should be avoided if at 



ail possible. 

The use of such a close-range measuring system 
in cooperation with a main station is also particularly 
advantageous for determining the external measure- 
5 ments of a large object, for instance a car body. 

For a description of the prior art see JP-A-59 208 

415 

The object of the present invention is to provide 
a close-range measuring system which can cooper- 

10 ate with a main measuring system. This object is ach- 
ieved with an inventive arrangement having the char- 
acterizing features setforth in Claim 1. Otherfeatures 
and further developments of the invention are set 
forth in the depending claims. 

15 The invention will now be described in more detail 
with reference to the accompanying drawings, in 
which 

Fig. 1A illustrates a first embodiment of an ar- 
rangement constructed in accordance with the 

20 invention; 

Fig. 1B is a vector diagram by means of which the 
arrangement in Fig. 1 A can be made ready; 
Fig. 2 illustrates a second embodiment of the in- 
ventive arrangement, adapted for determining 

25 the external measurements of a can 

Fig. 3 illustrates a variant of the embodiment illu- 
strated in Fig. 2; and 

Fig. 4 illustrates a further variant of the embodi- 
ment illustrated in Fig. 2; 
30 Fig. 5 is a diagrammatic illustration of a measur- 

ing process carried out with the aid of one em- 
bodiment of an inventive intermediate station; 
Fig. 6 illustrates another embodiment of the in- 
ventive intermediate station; and 
35 Figs. 7 and 8 are diagrammatic illustrations of two 

further measuring processes in which the inter- 
mediate station illustrated in Fig. 6 can be used. 
Fig. 1 A illustrates a staff 1 provided with a unit 2, 
which is illustrated schematically within a broken-line 
40 frame and in a much larger size than its true size in 
practice. The staff 1 also has mounted thereon an 
alignment device 3, which in the illustrated embodi- 
ment has the form of a cube corner prism, onto which 
a main station (not shown) is aligned. The main meas- 
45 uring station is provided with distance measuring 
equipment, including a distance meter and a vertical 
and horizontal angle meter which function to measure 
the alignment direction of the distance meter. The 
main measuring station measures or determines the 
so position (X p , Y p , Zp) of the cube corner prism 3 (Fig. 
1B). The main measuring station is preferably of the 
kind which locks automatically onto a target and then 
follows the target as it moves. Since such a station 
has no connection with present inventive concept, the 
55 structural design of the station will not be described 
here. Neither will the devices optionally mounted on 
the staff to assist alignment of the main measuring 
station with the target and tracking of the target be de- 
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scribed in the present docu target tracking ar- 

rangement, however, is described and illustrated in 
the coterminous Swedish Patent Application No. 
8901220-7. 

A practically collimated light beam S transmitted 
from the main measuring station impinges on an opt- 
ical unit comprising a lens unit 4 and a filter 5. The lens 
system functions to filter-off background light, by fil- 
tering away all wavelengths except a narrow wave- 
length region around the wavelength of the incident 
light beam. The optical unit system is operative to fo- 
cus the light onto a detector unit 6 having an extensive 
area on which the impingement point of an incident 
light beam can be indicated. The detector unit 6 may 
include several detectors or, for instance, may have 
the form of a quadrant detector or a so-called SITEC- 
detector. The signals generated by the detector unit 
6 and indicating the point at which the light impinges 
thereon are sent to an amplifier 7 and from there to 
an analogue-digital-converter 8, which sends to a 
computer 9 a digital signal indicating said impinge- 
ment point On the basis of the established impinge- 
ment point, the computer 9 computes the angular de- 
viation q>! (see Fig.lB) between the normal N to the 
staff and the almost collimated light beam S from the 
main measuring station. 

Two vertical-angle meters 10 and 11 measure the 
vertical angle in two mutually orthogonal directions. 
The vertical-angle indicators will preferably comprise 
two pendulum accelerometers or a double-pendulum 
accelerometer. The respective vertical-angle indica- 
tors 10 and 11 provide information relating to devia- 
tions q>2 and q>3 of the staff 2 from the vertical (Fig. 
1 B). The output signals of the vertical angle indicators 
are analogue/-digital converted in an analogue/digital 
converter 12 and sent to the computer 9. 

The measuring result obtained in the main meas- 
uring station is also sent to the computer 9. This trans- 
mission of data can be effected in various ways, for 
instance through cables or through radio links, mod- 
ulation of transmitted optical light beams or some cor- 
responding manner. It is also possible to store all data 
separately in the staff and in the main measuring sta- 
tion on each measuring occasion and, at a later stage, 
to transfer data from the main measuring station to 
the computer 9, or to transfer data from both the main 
station and the staff to some other computer as- 
signed to carry out the computations and calcula- 
tions. The distance 2 from a point for Xq, Y 0 , which 
is the junction point where the responsive planes of 
the angle-deviation measuring arrangement 4-8 and 
the vertical-angle indicator arrangement 10,11 form 
angles with one another is known, as is also the dis- 
tance from the point (X,, Y p , Zp) for the prism 3 and 
the junction point (Xq, Y 0 , Zq) and are fed into a mem- 
ory in the computer 9. The computer 9 calculates the 
position of the measuring point M, by carrying out 
geometric calculations on the basis of the measured 



prism position, th^Hrection of the beam S, which pre- 
ferably coincides with the direction of alignment of the 
main-station distance meter, the three angles fa, <fe f 
5 <fe and the given distance zones on the staff. The re- 
suit can be shown on a display unit 14. 

The measuring process is effected by direction- 
ally positioning the staff 1, which may optionally be 
extensible so as to enable the staff to be adjusted to 
10 measurable lengths, placing the staff on the measur- 
ing point and then bringing the prism and the lens 
system into principal alignment with the main meas- 
uring station. The prism and lens system may be an- 
gled to the staff, so that they can be used more read- 
15 ily, and may also be mounted in a manner which will 
enable the prism and lens system to be adjusted to 
selected angular positions, wherewith information re- 
lating to the position to which the prism and lens sys- 
tem are adjusted is supplied to the computer 9, which 
20 is preferably a microprocessor. 

Instead of the distance t to the measuring point 
being given by part of a staff, this distance may, in- 
stead, be given by a distance meter which is stationar- 
ily positioned in alignment with the line whose slope 
25 is detected by the two vertical angle meters. 

Fig. 2 illustrates an embodiment of the invention 
used for determining the external measurements of a 
car body. It is difficult to define directly the positions 
of the various measuring points on a car body by di- 
30 rect reflection, i.e. without placing measuring prisms 
on the car body, from a main measuring station, since 
such position measuring methods suffer from the 
drawbacks that 

A. Reflection is low, due to the poor reflective 
35 properties of the surface being measured, 

B. Reflection is uneven over the measuring sur- 
face, which makes it difficult to determine on 
which part of the measuring point a measurement 
is actually taken - this applies particularly to un- 

40 even surfaces and oblique incident measuring 
beams. 

C. The range is poor in comparison with measur- 
ing with the aid, for instance, of glass prisms. 
The aforesaid drawbacks are particularly appli- 

45 cable when establishing the measurements of large 
objects and when very accurate measurements are 
desired. 

One way of eliminating the aforesaid problems is 
to divide the measuring process into two measuring 
so processes: 

1. A process which uses a main measuring sys- 
tem A which measures the positions of a prism 21 
or a system of prisms fixedly mounted on a robot 
arm 22. The jnain measuring system is preferably 

55 a target tracking system, so that the system will 

be locked automatically onto the prism 21 and de- 
termine the position of said prism. 

2. And a second measuring system which is 
mounted on the robot arm and which comprises 
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an angle-measuring device 23 of, for instance, 
the same type as the device referenced 4-8 in 
Fig. 1. This angle measuring device indicates the 
angle between the substantially coilimated light 5 
beam 24 transmitted from the main measuring 
system A and the normal to the surface on which 
the unit 23 is mounted. Similar to the embodiment 
illustrated in Fig. 1, there is provided two vertical 
angle meters, these meters being illustrated in 10 
the Figure solely by a block 25. A distance meter 
26 of the kind capabieof automatically measuring 
the distance to the nearest surface is fixedly 
mounted on the underside of the robot arm 22, 
preferably in alignment with the line against 15 
which the angle is measured by the two vertical 
angle meters 25, although said distance meter 
may also be positioned at a preselected angle to 
said line. The block 27 represents the computer. 
As will be understood, an EDM-type distance me- 20 
ter can also be used as the distance meter 26, al- 
though such a distance meter is unnecessarily expen- 
sive in the present context Other, relatively inexpen- 
sive distance meters are to be found which can be 
used instead, particularly when the robot arm 22 is 25 
moved relatively close to the surface of the car body. 
In other respects, the robot arm is guided so that the 
distance meter 26 will measure as near as possible at 
right angles to the car body. One distance meter 
which will measure short distances with high preci- 30 
sion is a so-called OPTICATOR, with which a trans- 
mitted laser beam, subsequent to reflection from the 
measuring surface, is permitted to impinge on a Sl- 
TEC-detector, subsequent to having passed through 
a lens system. For the sake of illustration, the robot 35 
arm 22 is shown positioned at a relatively long dis- 
tance from the surface of the car body. When using 
an OPTICATOR, the robot arm is moved very dose 
to the car body, e.g. at a distance from said body of 
from some centimeters to a decimeter. The result of 40 
the distance measuring process will then lie within a tol- 
erance of around one or two microns. Another type of 
distance meter 26 suitable for use in the present context 
is the interferometer distance meter described in Inter- 
national Patent Application PCT/SE89//00009. Other 45 
types of distance meter can also be used, for instance 
acoustic type meters. One essential criterion of the 
distance meter used is that it is capable of measuring 
short distances accurately. 

The robot may be of extremely simple and inex- 50 
pensive construction and need not be accurate, and 
may even be permitted to shake, for instance the type 
of robot arm used for painting work or like work, since 
the measuring accuracy required is achieved with the 
inventive measuring arrangement The robot arm 22 55 
carrying the part B of the inventive measuring ar- 
rangement is passed over the object to be measured, 
i.e. the car body, in accordance with a programmed 
movement pattern which provides automatic scan- 



ning with high measuring precision, since the main 
system constantly measures against the prism 21. 

Neither need the part B' of the measuring ar- 
rangement be carried by a robot arm, and the ar- 
rangement may, instead, be mounted in a box 31 held 
and moved manually by a workman (Fig.3). This em- 
bodiment also includes a facility in which the distance 
measuring beam 32 of the instrument A is also used 
for measuring angular deviations, which is effected 
with the aid of a substantially coaxial arrangement, 
i.e. the prism 3 and the lens system 4,5,6 (Fig. 1) are 
not positioned at an optical distance from one an- 
other. Coaxial arrangements are relatively common 
within optics (see for instance US 4 712 91 5) and con- 
sequently no separate Figure illustrating such an ar- 
rangement has been included in the present draw- 
ings. For instance, the arrangement may comprise a 
beam splitter positioned in the beam path forwardly 
of the optical system, said splitter being operative to 
direct a part of the incident light beam onto the prism 
3 and a further part onto the lens system 4,5,6, these 
optical units naturally being positioned to receive light 
from the beam splitter. 

Alternatively, the beam splitter may be replaced 
with a mirror of small area which is positioned obli- 
quely and centrally in the beam path and which will 
direct the central part of the incident light beam onto 
either the prism 3 or the lens system 4,5,6 (which is 
then directed towards the mirror and not straight for- 
wards as in the Fig. 1 illustration). 

Shaking is difficult to avoid when the part B' is 
hand-held. In actual fact, the shaking that takes place 
is much more pronounced than the shaking experi- 
enced with even the simplest robot, and consequent- 
ly compensation must be made for the shaking that 
takes place. This can be effected in a conventional 
manner, with the aid of a so-called TN-system (trans- 
lation normalizing system) (illustrated schematically 
in the form of a broken-line block 33 in Fig. 1). The 
system includes six accelerometers arranged in paire 
and directionaily opposed along each of the cartenian 
coordinates x, y, z, i.e. two accelerometers in each of 
the coordinate axes. The signals produced by the six 
accelerometers in the TN-system 33 are supplied to 
the computer 9, which compensates for shaking of 
the aforesaid part B' on each measuring occasion, on 
the basis of said signals. 

Measuring the external configuration of a large 
object, such as a car, need not necessarily be carried 
out without contact with the surfaces being meas- 
ured. As shown in Fig. 4, in which components similar 
to those illustrated in Fig. 2 are identified with like ref-, 
erence signs, the distance meter 26 can be replaced, 
to this end, with a fixed staff 34, having a length 10 
cm for instance, and having a measuring tip in the 
form of a small ball 35. The staff mounting device may 
be provided with an arrangement (not shown) for de- 
tecting when the ball 35 is in contact with the object, 
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e.g. the car, to be measured 

Fig. 5 illustrates an embodiment in which a main 
station equipped with a distance meter 40 is posi- 
tioned centrally. The main statipn also includes a unit 
41 which aligns itself with a reflex from a point on 
which a measurement is to be taken, and follows the 
reflex as it moves. To this end, the unit 41 is provided 
with servo motors which rotate the distance meter 
into true alignment, in both the horizontal and the 
vertical direction. The exact construction of this main 
station has no relevance in the present document and 
forms no part of the inventive concept. One embodi- 
ment of a station of this kind is described in the co- 
terminus Swedish Patent Application No. 8901221-5. 
However, the motors require space and additional 
power supply, illustrated by a battery 42, and also re- 
quire the provision of a relatively bulky calculating or 
computing device 421 , which causes the main station 
to be rather bulky and heavy, and consequently it is 
preferable to avoid having to move the station during 
the course of determining the position of measuring 
points in an area. 

In order to enable the positions of measuring 
points concealed from the main station to be defined 
or established, the staff man is equipped with an in- 
termediate station which includes a rod 43 provided 
with a tripod 44 at the bottom end thereof and ah ar- 
rangement 45 by means of which the rod can be 
placed exactly vertical. Pivotally mounted on the top 
end of the rod is a distance meter 46 which is at least 
provided with a vertical-angle indicator or meter, so 
that it can be moved upwardly and downwardly into 
alignment with a target point 47, this target point in 
the Fig. 5 embodiment having the form of a reflector 
placed on a setting-out stick or staff 48 which is hid- 
den from the view of the main station, behind a build- 
ing. 

The rod 43 carries a reflector 49 on which the 
main station aligns and carries out a measuring proc- 
ess. The position of the main station is known, as is 
also its direction of alignment in the horizontal and 
vertical direction. Furthermore, the distance to the in- 
termediate station is measured by the distance meter 
41. 

The calculating unit 421 of the main station is 
then able to calculate the position of the intermediate 
station 43-46. The distance meter belonging to the in- 
termediate station functions to measure the distance 
to the reflector 47 and the vertical angle of the dis- 
tance meter, i.e. the angle at which the distance meter, 
is irdined to the horizontal. 

In order to determine the position of the measur- 
ing point 47 in a horizontal plane, the intermediate 
station, together with distance meter 41, is moved to 
a new position and a new measurement is taken on 
the reflector 47, the position of the reflector 47 then 
being calculated by triangulation. The prism 49 must 
be directed onto the main station 40,41. This can be 



achieved either BJWnounting the prism for pivotal 
movement about the rod 43, or by fixedly mounting 
the prism on the rod 43 and rotating the rod in a man- 
5 ner to bring the prism into alignment with the main 
station. In this latter-case, the distance meter 46 is 
mounted for pivotal movement about the rod axis. 
This pivot mounting can be provided with an angle in- 
dicator operative to disclose the angle between the 
10 different angle positions of the reflector 49 and also 
the angle of the distance meter to the rod axis. This 
angle can be used to calculate the position of the re- 
flector and therewith obviate the need to place the in- 
termediate station in two different positions in order 
15 to determine the position of the prism. Instead, the in- 
termediate station, together with its distance meter, 
may be provided with a horizontal angle indicator and 
a measurement can be taken on a reference point 
whose position is known, in addition to taking meas- 
20 urements on the prism 47. This reference point may 
conveniently be one of the other measuring points on 
which measurements have been made directly by the 
main station 40, 41. Alternatively, the main station 
may be provided with a reflector (not shown) and 
25 used for reference measurement purposes. The pos- 
ition of the measuring point can then be calculated by 
combining the measuring results obtained from both 
the main station and the unit of the intermediate sta- 
tion, with the aid of a calculating program based on 
30 the simple geometrical relationships which prevail 
through the measuring lay-out These relationships 
are well known to the person skilled in this art, as is 
also the configuration of appropriate software, and 
consequently need not be described in detail here. 
35 Fig. 6 illustrates another embodiment of an inven- 

tive intermediate station. In the case of this embodi- 
ment the staff used may be a so-called Jacobs-staff 
" provided with a supporting leg 51 . Mounted on the top 
of the staff is a fixed frame 52 on which a rod-like unit 
40 53 is rigidly mounted. This unit includes a distance 
meter 54, preferably an EDM-type meter (EDM = 
Electric Distance Meter) which is operative to meas- 
ure target distances in straight lines, with the aid of 
modulated light The distance meter is preferably of 
45 the kind which measures with direct reflex, i.e. meas- 
ures directly on a target point without needing to be 
provided with a separate reflector. The distance me- 
ter 54 can be pivoted in relation to the rod-like unit 53 
by means of a pivot arrangement 55 provided with an 
50 exact rotary-angle sensor. The distance meter 54 is 
provided with electronics and a display 56. 

Mounted above the distance meter 54 on the rod 

57 is a device which indicates the direction towards a 
main distance-measuring station (not shown) and 

55 which automatically follows the station illustrated in 
Fig. 6, this direction indicator either being a telescope 

58 or an optical arrangement 59 comprising a lens 60, 
a filter 61 and a two-dimensional detector 62 essen- 
tially of the same kind as the elements 4-6 in Fig. 1. 
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A cube corner prism 63 is mounted on the same staff 
47 as the direction indicator and serves as the ele- 
ment on which the main distance-meter station is held 
automatically aligned and on which the station carries s 
out its measuring processes. 

As will be seen from Fig. 6, the two vertical angle 
indicators 64 and 65 of this embodiment, these indi- 
cators corresponding to elements 10 and 11 in Fig. 
1 A, are positioned in the distance meter 54. The dis- 10 
tance meter 54 can also be rotated about an axis 
transversal, to the rod 57, so as to enable the meter 
to be directed upwards or downwards. 

In use, the operator first erects a main measuring 
station, which will preferably have the property of be- 15 
ing able to automatically align itself with a target sta- 
tion provided with a prism and thereafter maintain 
this alignment and follow the movement of said target 
station. Such a main measuring station will be rela- 
tively large and heavy, and the work required to pos- 20 
ition the base of the station so as to ensure that the 
distance meter will be placed exactly horizontal is 
very exacting. The station illustrated in Fig. 6 can be 
carried relatively easily and can be readily erected on 
a site from which later measurements can be made on 25 
target points which cannot be sighted directly from the 
main measuring station. The operator places the staff 
50 on the measuring site and directs the prism 63 on 
the staff towards the main measuring station, either 
by sighting through the telescope 58 or with the aid 30 
of information obtained from the sighting unit 59, and 
positions the supporting leg 51 , so that the alignment 
will be kept substantially stable. The distance meter 
54 is then directed onto a target point, by rotating the 
meter around the rod 57 and also around an axis per- 35 
pendicularto the rod, while looking through the tele- 
scope 66 incorporated in the distance meter. The two 
vertical angle meters 64 and 65 now measure the 
vertical alignment of the distance meter. An exact 
measurement is also taken of the angular rotation of 40 
the distance meter relative to the rod. The software 
stored in the computer unit 56 may include algorithms 
which calculate the position of the unit 59 in relation 
to a junction point located in the distance meter adja- 
cent its vertical-angle indicating devices 64,65, on the 45 
basis of the impact point on the two-dimensional de- 
tector 62 of the unit 59, the distance between the unit 
59 and the distance meter 54 and the setting of the 
distance meter in relation to the rod 57. 

Fig. 7 illustrates a first example of measuring pro- so 
cedure carried out with the use of the intermediate 
station illustrated in Fig. 5 or in Fig. 6. A main meas- 
uring station 68 is erected outside a building 69. An in- 
termediate station 71 is positioned in one room in the 
building 69. The main measuring station 68 carries 55 
out a measuring process on the intermediate station 
71, through an open window 70. The intermediate 
station 71 carries out a plurality of measurements 
within the room while holding the main measuring 

6 



station 68 in alignment with the intermediate station 
and measuring-up the position of the prism on said in- 
termediate station on each measuring occasion. It is 
difficult to hold the intermediate station illustrated in 
Fig. 6 stable. Nevertheless, this instability does not 
influence the measuring result, because the main 
measuring station 68 follows the movement of the in- 
termediate station and because of the measuring ar- 
rangement provided in said intermediate station 71. 

Fig. 8 illustrates another example of measuring 
procedure with the use of the inventive intermediate 
station; in this case the intermediate station illustrat- 
ed in Fig. 6. A main measuring station 72 is erected 
in front of a row of buildings 76, with the station direct- 
ed along the row of buildings. The intention is to de- 
termine exactly the positions of measuring points lo- 
cated between the buildings. An intermediate station 
73 is carried by an operator along the row of buildings 
and placed in front of the passageways between ad- 
jacent buildings and carries out the intended meas- 
urements. 



Claims 

1. An arrangement for establishing or defining 
measuring points which cannot be defined or es- 
tablished directly by a main station (40, 41; A; 68; 
72) comprising distance measuring equipment 
which is operative to determine its own position 
and also the position of a position-determining 
unit (3; 21 ; 49; 63), characterized in that 

a) the position-determining unit (3; 21 ; 49; 63) 
is mounted on an intermediate station unit (1, 
2; 22, 23, 25, 27; 43, 44, 45; Fig. 6) which 
provided with an indicating device which in- 
cludes means for indicating the direct dis- 

z tance (1; 26; 34; 46; 54) to a target point, and 
means (4 to 12; 22, 23, 25; 43, 45; Fig. 6) for 
indicating the angular direction of said direct 
distance indicating means to the target in re- 
lation to the angular direction, at least in a hor- 
izontal plane, of said position-determining 
unit to the main station, wherein the inter- 
mediate station unit can be placed in a posi- 
tion on which the main station is able to deter- 
mine the position of the position-determining 
unit and on which the intermediate station can 
determine the position of the measuring point 
in relation to the position-determining unit 

b) at least one of the main station and the in- ■ 
termediate station unit are provided with 
means for storing measurement data; and 

c) an arrangement is provided for combining 
the measuring results obtained from the inter- 
mediate station unit and the position-deter- 
mining data for the main system in order to 
provide positional data for each measuring 



point. 
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2. An arrangement according to Claim 1 , character- 
ized in that the main station (40, 41, 42, 421) in- s 
dudes a distance measuring station (40) having 

a length meter, a vertical angle meter and a hor- 
izontal angle meter, said distance measuring sta- 
tion preferably being of the auto-setting kind ca- 
pable of following the movement of an auxiliary 10 
unit (49). 

3. An arrangement according to Claim 1 , 
characterized in that the intermediate station unit 
includes: 15 

a) an angle-deviation measuring device (4-6; 
60-62) which is operative to determine the an- 
gle between the path extending between the 
position-determining unit and the main meas- 
uring station (A; 68; 72) and a normal to a 20 
plane sensitive to the angle-deviation meas- 
uring device; 

b) a vertical-angle indicating device (10, 11; 
64, 65) which is operative to measure the an- 
gle position in relation to a vertical line in at 25 
least two mutually different directions for a 

part of the marking equipment having known 
or measurable positional relationship with a 
sensitive plane of the angle-deviation meas- 
uring device; 30 

c) the distance indicating unit (1; 26; 31; 34; 
54) giving the distance to the measuring point 
in a determinable direction relative to the di- 
rection of said normal; 

d) a calculating unit (9; 27; 56) which is oper- 35 
ative to calculate the position of a junction 
point where the sensitive plane of the vertical- 
angle indicating device and a plane defining a 
given angle with said sensitive plane of said 
angle-deviation measuring device form an an- 40 
gle with one another on the basis of the 
sensed angles, the distance obtained from 

the distance indicating unit and the position of 
said unit in relation to said junction' point and 
the position of the measuring point on the ba- 45 
sis of the position of the junction point 

4. An arrangement according to Claim 3, character- 
ized in that the angle deviation measuring ar- 
rangement includes a detector device (6; 62) hav- 50 
ing an extensive area on which the impingement 
point of an incident light beam can be indicated, 

and a lens system (4, 5; 60, 61) which is operative 
to focus a light beam (S) transmitted from the 
main measuring station (A; 68; 72) onto the de- 55 
tector device. 

5. An arrangement according to Claim 3 or 4, char- 
acterized in that the vertical-angle indicating de- 



. vice includes two pendulum accelerometers or a 
double-pendulum accelerometer. 

6. An arrangement according to any one of the pre- 
ceding Claims, characterized in that the distance 
indicating unit includes a staff (1 ; 34). 

7. An arrangement according to Claim 4, character- 
ized in that the staff can be adjusted to different 
lengths. 

8. An arrangement according to any one of Claims 
1-3, characterized in that the distance indicating 
unit includes a distance meter, e.g. an optical, in- 
terferometric or acoustic type meter 



9. 



An arrangement according to any one of t he pre^ 
ceding Claims, characterized in that information 
relating to the values measured by the main 
measuring station are transmitted to the comput- 
ing unit via a transmission arrangement. 



10. An arrangement according to any one of Claims 
1-6, characterized in that measurement data from 
all measuring arrangements and devices is ar- 
ranged to be stored in the memories in the main 
measuring station and the marking equipment for 
the purpose of making calcula- tions in the com- 
puting unit on a later occasion than the measur- 
ing occasion. 

11. An arrangement according to any one of the pre- 
ceding Claims, characterized in that the marking 
equipment is mounted on a movable arm (22), i.e. 
a robot arm, or the arm of a workman, said arm 
being moveable over a surface whose shape is to 
be measured. 

12. An arrangement according to any one of the pre- 
ceding Claims, characterized in that the main 
measuring station is of the kind which will lock au- 
tomatically into alignment with the measuring unit 
of the marking equipment 

13. An arrangement according to any one of the pre- 
ceding Claims, characterized in that the marking 
equipment is provided with a shake-compensating 
unit (33) coupled to the computing unit (9) such 
as to send to said unit signals by means of which 
the computing unit can effect electrically com- 
pensation of shaking of the marking unit during a 
measuring process. 

14. An arrangement according to any one of Claims 
3-13, characterized in that the distance indicating 
unit (54) can be selectively adjusted to determin- 
able angular positions in relation to the direction 
of said normal. 
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Patentanspruche 

1. Anordnung zum Etablieren qder Definieren von 
Me&punkten, die von einer Hauptstation (40, 41 ; 5 
A; 68; 72) nichtdirektdefiniert oderetabliertwer- 

den konnen, die eine Abstandsme&einrichtung 
umfafit, die in der Weise arbeitet, da& sie ihre ei- 
gene Position und ebenso die Position einer Po- 
sitionsbestimmungseinheit (3; 21; 49; 63) be- 10 
stimmt, dadurch gekennzeichnet, da& 

a) die Positionsbestimmungseinheit (3; 21; 
49; 63) auf einer Zwischenstationseinheit (1, 
2; 22, 23, 25, 27; 43, 44, 45; Fig. 6) montiert 

ist, die mit einer Anzeigevorrichtung versehen 15 
ist, welche Mittel (1; 26; 34; 46; 54) zum An- 
geben des direkten Abstandes von einem 
Zielpunkt und Mittel (4 bis 12; 22, 23/25; 43, 
45; Fig. 6) umfa&t, die zum Angeben der Win- 
kelrichtung der Mittel zum Angeben des direk- 20 
ten Abstandes zum Ziel in Bezug auf die Win- 
kelrichtung der Positionsbestimmungseinheit 
zur Hauptstation zumindest in einer horizonta- 
len Ebene dienen, wobei die Zwischenstati- 
onseinheit in eine Position gebracht werden 25 
kann, in der die Hauptstation in der Lage ist, 
die Position der Positionsbestimmungseinheit 
zu bestimmen und in der die Zwischenstation 
die Position des Me&punktes in Relation zur 
Positionsbestimmungseinheit bestimmen 30 
kann, 

b) wenigstens eine der beiden von der Haupt- 
station und derZwischenstationseinheit gebil- 
deten Einheiten mit einer Einrichtung zum 
Speichern von Me&daten versehen ist, und 35 

c) eine Anordnung vorgesehen ist, urn die 
Me&ergebnisse, die von der Zwischenstati- 
onseinheit erhaiten werden, mit den Positi- 
onsbestimmungsdaten fur das Hauptsystem 

zu kombinieren, urn die Positionsdaten fur je- 40 
den Me&punkt zu liefern. 

2. Anordnung nach Anspruch 1, dadurch gekenn- 
zeichnet, da& die Hauptstation (40, 41, 42, 421) 
eine Abstandsme&station (40) umfa&t, die einen 45 
Lingenmesser, einen Vertikalwinkelmesser und 
einen Horizontaiwinkelmesser besitzt, wobei die 
Abstandsme&station vorzugswetse von der 
selbsteinstellenden Art ist, die in der Lage ist, der 
Bewegung einer Hilfseinheit (49) zu folgen. 50 

3. Anordnung nach Anspruch 1, dadurch gekenn- 
zeichnet, daS die Zwischenstationseinheit fol- 
gende Bestandteile umfa&t: 

a) Eine Winke!abweichungs-Me&vorrichtung 55 
(4 bis 6; 60 bis 62), die in der Weise arbeitet, 
daft sie den Winkel zwischen dem Pfad, der 
sich zwischen der Positionsbestimmungsein- 
heit und der Hauptme&station (A; 68; 62) er- 




streckt und einer Senkrechten auf eine Emp- 
findlichkeitsebene der Winkelabweichungs- 
Me&vorrichtung bestimmt; 

b) eine Vertikalwinkeianzeigevorrichtung (10, 
11; 64, 65) die in der Weise arbeitet, da& sie die 
Winkeiposition in Bezug auf eine senkrechte Li- 
nie in wenigstens zwei voneinander verschiede- 
nen Richtungen fur einen Teil der Markierungs- 
vorrichtung mi&t, wobei eine bekannte Oder 
me&bare Positionsbeziehung mit einer Emp- 
findiichkeitsebene der Winkelabweichungs- 
Me&vorrichtung gegeben ist; 

c) die Abstandsanzeigeeinheit (1; 26; 31; 34; 
54), die den Abstand zum Me&punkt in einer 
bestimmbaren Richtung bezuglich der Rich- 
tung dererwahnten Senkrechten angibt; 

d) eine Berechnungseinheit (9; 27; 56), die in 
der Weise arbeitet, dali sie die Position eines 
Verbindungspunktes berechnet, in welchem 
die Empf indiichkeitsebene der Vertikaiwinkei- 
Anzeigevorrichtung und eine Ebene, die einen 
gegebenen Winkel mitder Empfindlichkeitsebe- 
ne der Winkelabweichungs-Me&vorrichtung 
def iniert, miteinder einen Winkel auf der Basis 
der gemessenen Winkel bilden, sowie den 
von der Abstandsanzeigeeinheit erhaltenen 
Abstand und die Position besagter Einheit in 
Bezug auf den Verbindungspunkt und die Po- 
sition des Me&punktes auf der Basis der Po- 
sition des Verbindungspunktes. 

4. Anordnung nach Anspruch 3, dadurch gekenn- 
zeichnet, dad die Winkelabweichungs-Me&an- 
ordnung eine Detektorvorrichtung (6; 62) um- 
fa&t, die eine ausgedehnte Flache besitzt auf der 
der Auftreffpunkt eines auftreffenden Uchtbun- 
dels angezeigt werden kann, und ein Linsensy- 
stem (4, 5; 60, 61), das in der Weise arbeitet, da& 
es ein Lichtbundel (S), das von der 
Hauptme&station (A; 68; 72) ubertragen wird, auf 
die Detektorvorrichtung fokussiert. 

5. Anordnung nach Anspruch 3 Oder 4, dadurch ge- 
kennzeichnet, da& die Vertikalwinkel-Anzeige- 
vorrichtung zwei Pendelbeschleunigungsmesser 
Oder einen Doppel-Pendelbeschleunigungsmes- 
ser umfa&t. 

6. Anordnung nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, da& die Ab- 
standsanzeigeeinheit einen Stab (1; 34) umfa&t. 

7. Anordnung nach Anspruch 4, dadurch gekenn- 
zeichnet, da& der Stab auf verschiedene Langen 
eingestellt werden kann. 

8. Anordnung nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, da& die Abstandsan- 
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zeigeeinheit einen AbsfflHasmesser, beispiels- 
weise einen optischen, interferrometrischen oder 
akustischen Abstandsmesser umfa&t. 

5 

9. Anordnung nach einem der vorhergehenden An- 
spruche , dadurch gekennzeichnet v daG die In- 
formationen, die sich auf die von der 
Hauptme&station gemessenen Werte beziehen, 
zurRecheneinheituber eine Obertragungsanord- 10 
nung ubertragen werden. 

10. Anordnung nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, da& MeOdaten von al- 
ien Me&anordnungen und -vorrichtungen in Spei- 15 
chern in der Hauptmedstation und der Markie- 
rungsvorrichtung fur den Zweck gespeichert wer- 
den konnen, da& in der Recheneinheit bei einer 
spateren Gelegenheit als beim MeSvorgang Be- 
rechnungen durchgefuhrt werden konnen. 20 

11. Anordnung nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, dad die Mar- 
kierungsvorrichtung von einem beweglichen Arm 
(22), beispielsweise einem Roboterar m oder dem 25 
Arm einer Bedienungsperson gehalten wird, wo 

bei dieser Arm uber eine Oberf lache bewegbar 
ist, deren Form gemessen werden soil. 

12. Anordnung nach einem der vorhergehenden An- 30 
spruche, dadurch gekennzeichnet, dad die 
Hauptme&station so ausgebildet ist dad sie sich 
automatisch mit der MeBeinhsit der Markie- 
rungsvorrichtung ausrichtet 

35 

13. Anordnung nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, dad die Mar- 
kierungsvorrichtung mit einer Erschutterungs- 
Kompensationseinheit (33) versehen ist, die mit 

der Recheneinheit (9) in der Weise gekoppelt ist, 40 
dad sie an diese Einheit Signale sendet, mit de- 
ren Hilfe die Recheneinheit eine elektrische Kom- 
pensation von Erschutterungen der Markie- 
rungseinheit wahrend des Me&vorganges durch- 
fuhren kann. 45 



ment de mesure de distance qui agit pour deter- 
miner sa propre position etaussi la position d'une 
unite de determination de position (3; 21; 49; 63) 
caracttrisd en ce que 

a) I'unite de determination de position (3; 21; 
49; 63) est montee sur une 'unite de station in- 
termediate (1, 2; 22, 23, 25, 27; 43, 44, 45; 
Fig. 6) qui est pourvue d'urv dispositrf indica- 
tes qui incfut un moyen indicateur de la dis- 
tance directe (1 ; 26; 34; 46; 54) k un point cible 
et un moyen indicateur (4 & 12; 22, 23; 25; 43, 
45; Fig. 6) de la direction angulaire dudit 
moyen indicateur de distance directe k la cible 
en liaison par rapport k la direction angulaire, 
au moins dans un plan horizontal, de ladite 
unite de determination de position k la station 
principals, dans lequel I'unite de station inter- 
mediate peut etre plac6e dans une position 
suriaquelle la station principals peut determi- 
ner la position de i'unite de determination de 
position et sur laquelle la station intermedial 
peut determiner la position du point de mesu- 
re en liaison avec I'unite de determination de 
position; 

b) au moins Tune parmi la station principals et 
I'unite de station intermediate est pourvue 
d'un moyen de memorisation de donnees de 
mesure; et 

c) un agencementest pr6vu pour combiner les 
resultats de mesure obtenuse partirde I'unite 
de station intermedial etla donnee de deter- 
mination de position venant du systeme prin- 
cipal af in de fournir une donnee de position 
pour chaque point de mesure. 

Un agencement selon la revendication 1, carac- 
terise en ce que la station principals (40, 41 , 42, 
421) inclut une station de mesure de distance 
(40) comprenant un dispositif de mesure de lon- 
gueur, un dispositif de mesure d'angle vertical et 
un dispositif de mesure d'angle horizontal, ladite 
station de mesure de distance etant de preferen- 
ce du type k reglage automatique susceptible de 
suivre le mouvement d'une unite auxiliaire (49). 



14. Anordnung nach einem der Anspruche 3 bis 13, 
dadurch gekennzeichnet, da& die Abstandsan- 
zeigeeinheit (54) wahlweiss auf festlegbare Win- 
kelpositionen in Bezug auf die Richtung der be- so 
sagten Normale eingestellt werden kann. 



Revendications 

55 

1. Un agencement d'etablissement ou de definition 
de points de mesure qui ne peuvent pas etre de- 
finis ou etablis directement par uns station prin- 
cipals (40,41; A; 68; 72) comprsnant un 6quipe- 



3. Un agencement selon la revendication 1, carac- 
terise en ce que I'unite de station intermediate in- 
clut 

a) un dispositrf de mesure d'ecart d'angle (4 & 
6; 60 k 62) qui agit pour determiner Tangle en- 
tre le trajet s'etendant entre I'unite de determi- 
nation de position et la station principale de 
mesure (A; 68; 72) et une normale k un plan 
sensible au dispositif de mesure d'6cart d'an- 
gle; 

b) un dispositrf indicateur d'angle vertical (10, 
11; 64, 65) qui agit pour mesurer la position 
angulaire par rapport k une ligne verticale, 
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dans au moins deux directions difterentes en- 
tre eiles pour une partie de l'6quipement de 
marquage dontla relation de position, par rap- 
port Sun plan sensible du dispositif de mesure s 
d'6cart d'angle, est connue ou mesurable ; 

c) I'unite indicatrice de distance (1; 26; 31; 34; 
54) donnant la distance au point de mesure 
dans une direction qui peut etre d6termin6e 

par rapport & la direction de ladite normale; 10 

d) une unite calculatrice (9; 27; 56) qui agit 
pour calculerla position d'un point de jonction, 
ou le plan sensible du dispositif indicateur 
d'angle vertical et un plan d6f inissant un an- 
gle donn6 avec ledit plan sensible dudit dispo- 1 s 
sitif de mesure d'Scart d'angle forment un an- 
gle entre eux, sur la base des angles captes, 

de la distance obtenue & partir de I'unite indi- 
catrice de distance, et de la position de ladite 
unite par rapport audit point de jonction, et la 20 
position du point de mesure sur la base de la 
position du point de jonction. 

4. Un agencement selon la revendication 3, carac- 
terise en ce que I'agencement de mesure d'angle 25 
d'6cart inclut un dispositif dStecteur (6; 62) 
comprenant une zone Stendue, sur laqueile le 
point ou frappe un faisceau lumineux incident 
peut dtre indiquS, et un systeme de lentilie (4, 5; 

60, 61) qui agit pour focaliser un faisceau lumi- 30 
neux (S) transmis depuis la station principale de 
mesure (A; 68; 72) vers le dispositif d6tecteur. 

5. Un agencement selon la revendication 3 ou 4, ca- 
racteris6 en ce que le dispositif indicateur d'angie 35 
vertical inclut deux acc6l6rom&res k pendules ou 

un accSteromdtre k double pendule. 

6. Un agencement selon Tune quelconque des re- 
vendications pr6c6dentes caracteris§ en ce que 40 
I'unite indiquant la distance inclut une barre 
(1:34). 

7. Un agencement selon la revendication 4, carac- 
teris6 en ce que la barre peut §tre ajustee & des 45 
longueurs difterentes. 



d'un agencement de transmission. 



10. 
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Un agencement selon Tune quelconque des re- 
vendications 1 a 6, caracterise en ce que des 
donnees de mesure venant de tous les agence- 
ments et dispositifs de mesure sont agencies de 
manure & etre m6moris6es dans les nrtemoires 
de la station principale de mesure et de l'6quipe- 
ment de marquage, dans le but d'effectuer des 
calculs dans i'unite de calcul lors d'une occasion 
ulterieure a I'occasion de mesure. 

Un agencement selon I'une quelconque des re- 
vendications ptec&ientes, caracterise en ce que 
i'6quipement de marquage est monte sur un bras 
mobile (22), c'est-S-dire le bras d'un robot ou le 
bras de robot ou le bras d'un ouvrier, ledit bras 
6tant mobile sur une surface dans la configura- 
tion doit §tre mesur6e. 



12. Un agencement selon I'une quelconque des re- 
vendications ptec£dentes, caracterise en ce que 
I'unite principale de mesure est du type qui se 
verrouille automatiquement en alignement avec 
I'unite de mesure de I'Squipement de marquage. 

13. Un agencement selon I'une quelconque des re- 
vendications pr6c£dentes, caracterise en ce que 
!'6quipement de marquage comprend une unite 
de compensation (33) de secousses accouptee & 
I'unite de calcul (9) de fa$on & envoyer, k ladite 
unite, des signaux au moyen desquels I'unite de 
calcul peut effectuer pendant un processus de 
mesure une compensation eiectrique de secous- 
ses de I'unite de marquage. 

14. Un agencement selon I'une quelconque des re- 
yendications 3 a 13, caracterise en ce que I'unite 
indicatrice (54) de distance peut etre ajustee s6- 
lectivement d des positions angulaires qui peu- 
vent etre determin6es par rapport & la direction 
de ladite normale. 



Un agencement selon I'une quelconque des re- 
vendications 1 £ 3 caracterise en ce que I'unite in- 
dicatrice de distance inclut un dispositif de mesu- 
re de distance, par exemple un dispositif de me- 
sure de type optique, interteronrtetrique, ou 
acoustique. 



50 



Un agencement selon I'une quelconque des re- 
vendications pr6c6dentes, caracterise en ce 
qu'une information concernant des valeurs me- 
sur6es par la station principale de mesure est 
transmise & I'unite de calcul par I'intermediaire 
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